Variations in cycle variables with BMI and age showed that IVF cycles were negatively affected by increases in obesity and age. Clinical pregnancy rates were found to be lower in the obese group than in the other groups, particularly in the age group above 35 years; however, this difference could not be proven statistically.
Introduction
There are numerous potential causes of female infertility, and a systematic approach is necessary to effectively identify them in patients. Polycystic ovary syndrome (PCOS) is the most frequently observed cause of treatable infertility. It is commonly encountered among young women and accounts for nearly 70% of cases involving anovulatory infertility (1) . In vitro fertilization (IVF) is an option that is recommended for infertility with no response to medical treatment in PCOS (2) . Nearly half of all women with PCOS are either obese or overweight, and most exhibit the abdominal phenotype (3) . Recently, Lindsay et al. (4) showed that weight loss has a corrective effect on reproductive outcomes in all obese infertile patients. In 2015, Carmina et al. (5) demonstrated that weight loss increased spontaneous fertility rates in anovulatory PCOS patients. The literature contains different opinions about the role of body mass index (BMI) in IVF cycles. A study by Loveland et al. (6) demonstrated that implantation rates and pregnancy rates decrease with increasing BMI. In 2006, Dechaud et al. (7) showed that obesity does not have any adverse impact on IVF, and Metwally et al. (8) showed that obesity does not affect oocyte quality or clinical pregnancy rates in IVF/intracytoplasmic sperm injection (ICSI) cycles in 2007. Because weight loss in PCOS has positive effects on hormonal, metabolic, and clinical parameters, recent studies have focused on the effect of BMI during IVF cycles in PCOS patients. Studies of IVF in PCOS also suggest different opinions about BMI: Fedorcsák et al. (9) and Mulders et al. (10) demonstrated that obese women with PCOS show gonadotropin resistance in IVF cycles; therefore, the need for folliclestimulating hormone (FSH) and cycle cancellations increases. A study by McCormick et al. (11) demonstrated that patients with PCOS who, according to their BMI, were leaner rather than obese exhibited more positive responses to assisted reproductive technology cycles; however, these patients also exhibited no remarkable differences with respect to clinical Objective: The aim of this study was to investigate age-related variations in the effect of body mass index (BMI) on in vitro fertilization (IVF) outcomes.
Material and Methods:
This was a cohort study conducted by retrospectively investigating the IVF cycles of 653 polycystic ovary syndrome (PCOS) patients under the age of 40 years who were diagnosed based on the Rotterdam criteria in a private IVF clinic between 2005 and 2015. The study included data from 653 IVF cycles of PCOS patients. The patients were classified into three groups based on their BMI, i.e., normal weight (n=299), overweight (n=208), and obese (n=146). The patients were also grouped by age: 562 patients were under the age of 35 years and 91 patients were above the age of 35 years. Then, BMI-and age-related variations in the IVF cycle parameters and clinical pregnancy rates of patients with PCOS were investigated. The Mantel-Haenszel Chi-square statistical assessment method was used to determine whether the effect of BMI on IVF outcomes varies with age.
outcomes. In 2014, Bailey et al. (12) investigated the effect of BMI on the characteristics and outcomes of IVF cycles in PCOS and found lower clinical pregnancy rates in an obese PCOS group than in a lean group and a lower rate of ovarian hyperstimulation syndrome (OHSS) in the obese group. A woman's age is also an important factor in IVF success (13, 14) . The IVF success rate reduces with increasing age in PCOS, as in all infertile patient groups (15, 16) . The literature contains a very limited number of studies that investigate age and BMI together. Heijnen et al. (17) reported that although BMI has a significant and negative effect on female fertility, this effect gradually decreases as women approach their mid-thirties and also in younger women receiving IVF. Above the age of 36 years, on the other hand, the effect of BMI on fertility becomes minimal. PCOS patients were not included in this study. The study by Metwally et al. (8) that investigated 426 IVF/ICSI cycles did not exclude PCOS patients and reported that although obesity does not affect oocyte quality, there is a reduction in embryo quality in patients under the age of 35 years. The hypothesis of the present study assumed that the effect of BMI on the IVF cycles of PCOS patients may vary with age. The present study aimed to investigate age-related variations in the effect of BMI on IVF outcomes.
Material and Methods
This was a cohort study conducted by retrospectively investigating the IVF cycles of 653 PCOS patients under the age of 40 years, who were diagnosed based on the Rotterdam criteria in Gürgan IVF clinic between 2005 and 2015. The study protocol was approved by the local ethics committee, and all patients included in the study provided informed consent. Although it was planned to have patients with a BMI of <18.5 to form a low-weight group, the number of patients in this group was very low; therefore, patients with a BMI of <18.5 were excluded. In all patients, controlled ovarian hyperstimulation (COH) and (ICSI were performed using a classic ovulation induction protocol. For COH, long agonist and antagonist protocols were applied; gonadotropins were administered using stepup, step-down, and constant regimens. Ovulation induction was performed using urinary FSH (Metrodin; Serono, Geneva, Switzerland), recombinant FSH (Gonal F; Serono, Geneva, Switzerland or Puregon; Organon, Oss, The Netherlands), or urinary and recombinant FSH, and ovulation stimulation was performed using human chorionic gonadotropin (hCG) (Pregnyl; Organon, Brussels, Belgium). The cycle parameters that were evaluated for this study included the protocols used in ovulation induction, total drug dose, ovulation induction time, cycle day of hCG, number of follicles and estradiol levels on the hCG day, endometrial thickness on the hCG day, number of oocytes retrieved, number of mature oocytes, number of embryos developed, number of grade 1 embryos, and number of embryos transferred. The IVF outcome parameters were the presence/absence of clinical pregnancy and multiple pregnancy rates. Clinical pregnancy was diagnosed by the embryo reaching the end of week 6, along with a proper image of the gestational sac, and the establishment of regular rhythmic heartbeats.
In the statistical assessment, firstly the effects of BMI and age on the cycle parameters and the rates of clinical pregnancy achieved were evaluated separately. Bivariate analyses such as the Mann-Whitney U test, Chi-square test, and/or Fisher's exact test were used to evaluate group comparisons and results were summarized as median (minimum-maximum) and frequencies, where appropriate. In addition, the Mantel-Haenszel Chisquare statistical assessment method was used to determine whether the effect of BMI on IVF outcomes varies with age. Values of p less than 0.05 were considered to be significant. SPSS for Windows 11.5 (SPSS Inc.; Chicago, IL, USA) was used for statistical analysis.
Results
The study included data from 653 IVF cycles of PCOS patients. The patients were classified into three groups based on their BMI, i.e., normal weight (n=299), overweight (n=208), and Table 1) . The demographic characteristics of the couples included in the study are summarized in Table 2 . Details obtained from an examination of the male factor in the couple are presented in Table 3 . The data obtained from comparing the cycle parameters according to the BMI groups are summarized in Table 4 . No difference was found between the groups in the distribution of induction protocols, ovulation induction times, and total drug doses (p=0.320, 0.180, and 0.298, respectively). There was no statistically significant difference in the total number of follicles on the hCG day, endometrial thickness, embryo transfer days, number of embryos developed, number of grade 1 embryos, and number of embryos transferred between all three groups (p=0.846, 0.529, 0.886, 0.176, 0.833, and 0.639, respectively). Of the cycle parameters, the maximum estradiol (E 2 ) levels, number of oocytes retrieved, and number of mature oocytes were found to be significantly lower in the obese group than in the normal weight group (p=0.007, 0.001, and 0.047, respectively) ( Figure 1 ). The rates of OHSS, clinical pregnancy, and multiple pregnancy were not different between the groups (p=0.933, 0.129, and 0.121, respectively). When the same parameters were compared between the group under the age of 35 years and the group aged 35 years and above, there was a difference in favor of the group aged 35 years and above only in the number of embryos transferred (Figure 2 ). The number of embryos developed, number of grade 1 embryos, clinical pregnancy rates, and OHSS rates were higher in the group aged under 35 years; however, this was not statistically significant ( Table 5) . The obesity and clinical pregnancy rates in PCOS patients were evaluated according to age groups, and particularly in the obese group, the clinical pregnancy rates were observed to be lower in the group aged ≥35 years than in the other BMI groups; however, this difference was analyzed using Mantel-Haenszel Chi-square statistics and found to be statistically insignificant (MantelHaenszel Chi-square statistic=1.34, p=0.247) (Table 6, Figure 3 ).
Discussion
The present study investigated the BMI-and age-related variations in the IVF cycle parameters and clinical pregnancy rates of patients with PCOS. The variations in cycle variables with BMI and age showed that the IVF cycles were negatively affected by increases in obesity and age. The clinical pregnancy rates were found to be lower in the obese group than in the other groups, particularly in the age group above 35 years; however, this difference could not be proven statistically.
In the first part of the present study, in which the relationship of the cycle parameters with BMI in IVF cycles in PCOS patients was investigated, there were reductions in the number of oocytes retrieved, maximum E 2 levels, and number of mature oocytes in the obese group compared with the normal weight group (p=0.001, 0.007, and 0.047, respectively), but no significant difference was found in other cycle parameters between BMI groups.
The literature contains several studies that report that oocyte maturation is impaired in PCOS (20) , oocyte quality and fertilization capacities are reduced (21) , and, in addition, obesity contributes to such impaired maturation in PCOS (22) (23) (24) . Fedorcsák et al. (9) reported that the number of oocytes retrieved was low in PCOS patients. A study by Robker et al. (25) with PCOS subgroups reported that the number of oocytes retrieved and the fertilization rates were lower in an obese group. The results of the present study seemed to be consistent with these literature data.
Regarding the age-related variations in the cycle characteristics, when the same parameters were compared between the group under the age of 35 years and the group aged 35 years (Figure 2 ). The number of embryos developed, number of grade 1 embryos, clinical pregnancy rates, and OHSS rates were higher in the group aged under 35 years; however, this was not statistically significant. The higher number of embryos transferred in the group aged 35 years and above is a natural outcome of transferring more embryos at advanced ages. Whether in PCOS patients, it is a generally accepted fact in the literature that advanced maternal age has a negative effect on all parameters in IVF cycles (14, (26) (27) (28) (29) . In the present study, although a statistically significant difference could not be demonstrated, it was seen that all parameters were negatively affected in the group aged 35 years and above. The present study evaluated obesity and clinical pregnancy rates in IVF cycles in PCOS patients according to age group, and particularly in the obese group, the clinical pregnancy rates were observed to be lower in the age group aged ≥35 years than in the other BMI groups; however, this difference was found to be statistically insignificant.
Considering studies regarding BMI in IVF cycles in PCOS patients, a study by Bailey et al. (12) , which specifically compared BMI and clinical pregnancy rates in PCOS patients, and in a similar manner to the data of the present study, showed a reduction in the clinical pregnancy rates in obese PCOS patients compared with thin PCOS patients. A retrospective study by Gorelick et al. (31) , which investigated 5208 IVF cycles with different diagnoses, included 439 cycles in PCOS patients and demonstrated that obesity did not have any effect on IVF outcomes in other groups, whereas among PCOS patients, obesity led to a twofold increase in the risk of failure in IVF treatment. In women with PCOS, various negative effects were identified, not only in the implantation rate but also in pregnancy and live birth outcomes (30) . McCormick et al. (11) previously conducted a study comparing obese and lean women with PCOS with obese and lean women without PCOS. The results of this study showed a higher number of retrievable oocytes among lean women with PCOS than among obese women with PCOS. However, the study also reported similar rates of clinical pregnancy and live birth between all groups. It is important to note that this study had a very small and limited sample size, with only six lean patients with PCOS included. The data from the present study are in line with those from the three major studies mentioned above. No study could be identified in the literature that investigated the variation in the adverse effects of obesity on the IVF cycle data in PCOS patients with age. A study of IVF published in 2011 by Luke et al. (32) evaluated the age-related effect of obesity on IVF. This study analyzed the data of 45,000 embryo transfers and concluded that higher obesity levels (i.e., BMI values) resulted in a considerable increase in the inability to achieve clinical pregnancy via the use of autologous oocytes but resulted in no differences in the use of donor oocytes. Besides, it reported that the adverse effects of obesity were more evident in the group aged under 35 years (31) . The present study observed the negative effects of obesity more specifically in the group aged above 35 years. This discrepancy is because the present study included only PCOS patients in the study group. In addition, the comparison in the abovementioned study was made between autologous and donor oocytes, which made it difficult to compare with the present study. We believe that this study is the first to investigate age-related variations in the effects of BMI on IVF cycles in PCOS patients.
The most important limitation of the present study is its retrospective nature. The retrospective examination of data from the last 10 years provided a higher number of cycles but prevented a statistically significant result from being achieved as it increased the heterogeneity of the data.
In conclusion, the present study evaluated the obesity and clinical pregnancy rates in IVF cycles in PCOS patients according to age groups, and particularly in the obese group, the clinical pregnancy rates were observed to be lower in the age group aged ≥35 years than in the other BMI groups; however, this difference was found to be statistically insignificant. Therefore, well-conceived, randomized controlled studies are required, which would investigate the effect of BMI and age on each other in PCOS patients, create a homogeneous and a higher number of subgroups, and include a larger patient population.
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